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Stimulus sizeIt is well known that the metrical properties of saccadic eye movements are strongly inﬂuenced by the
extraction of low-level visual features (e.g., luminance). Higher-level visual features (e.g., contour) also
play a role, but their relative contribution and time course remain undetermined. Here, we investigated
this issue, by testing the inﬂuence of contour on saccade metrics. We used a saccade-targeting task in
which a peripheral target was, on some trials, simultaneously displayed with a less eccentric distractor.
This paradigm is known to yield a global effect, that is a deviation of the eyes towards an intermediate
location between the stimuli. The novelty was to test whether this effect would vary with the alignment
of the distractor’s elementary features. Distractors were of high vs. low luminance, and composed of 16
pixels that were either aligned or misaligned by 0.23 or 0.43. Our prediction, under the hypothesis that
contour intervenes, was that aligned distractors, which formed a deﬁnite contour, would deviate the eyes
more strongly than misaligned distractors. On the contrary, we found that distractors of high luminance
produced greater eye deviations when they were misaligned, and hence more largely spread, than when
they were aligned. Furthermore, low-luminance distractors deviated the eyes to the same extent
irrespective of their alignment, though showing a reversed, contour-like, effect of alignment for early-
triggered saccades. We proposed that contour has only limited inﬂuence on saccade metrics, when other,
lower-level and more salient visual features, such as the extent of the stimulus pattern, are available.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
It has long been known that the very brief, saccadic movements
of the eyes, that intervene during the viewing of visual scenes are
inﬂuenced by the visual properties of the stimuli as well as
top-down, cognitive processes (for reviews see Henderson &
Hollingworth, 1998; Rayner, 1998). Still, as suggested by recent
research, eye guidance relies primarily on the extraction of ele-
mentary visual features, that may not only drive the eyes to visu-
ally-salient regions (e.g., Itti & Koch, 2000), but may also guide
them to objects of interest (Tatler, Baddeley, & Gilchrist, 2005;
Torralba et al., 2006; see also Nuthmann & Henderson, 2010;
Zelinsky, 2008). These features include contrast, color as well as
orientation and possibly also contour, thus suggesting that both
low-level retinal processes and higher-level cortical processes inAreas V1 and V2 are involved. However, whether these features
inﬂuence to the same extent and with the same time course where
the eyes move remains a matter of debate in research on saccade
programming. Here, we thus re-examined the role of contour, by
testing whether it inﬂuences saccade metrics in a simpliﬁed visual
display.
The critical role of low-level visual features in saccade program-
ming was ﬁrst suggested by the tendency for the eyes to initially
move towards the center of gravity of the peripheral conﬁguration,
whether this is made of one single target element or several, visu-
ally distinct stimuli (Coren & Hoenig, 1972; Findlay, 1982; for
reviews see Van der Stigchel & Nijboer, 2011; Vitu, 2008). This phe-
nomenon, called global effect, which likely reﬂects the rather poor
spatial resolution of the superior colliculus (SC), was interpreted in
terms of population coding (Findlay, 1982; Lee, Rohrer, & Sparks,
1988; Van Opstal & van Gisbergen, 1989) that is the averaging of
the activity of populations of neurons with large and overlapping
receptive ﬁelds (Goldberg & Wurtz, 1972; McIlwain, 1975). Given
that the SC receives afferent projections not only from the visual
cortex (and other cortical areas), but also from the retina, it was
then hypothesized that the global effect reﬂects the population
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SC, and hence before descending projections to the SC reshape the
activity proﬁle in favor of the target (Coëffé & O’regan, 1987;
Findlay & Walker, 1999).1
Further evidence for this low-level hypothesis came from the
ﬁnding that the global effect greatly depends on stimulus features
such as contrast and luminance. First, Deubel, Wolf, and Hauske
(1984) showed that when two light-emitting diodes of variable
intensity were simultaneously switched on in the periphery, the
eyes moved closer to the stimulus that was the brightest. Further-
more, Findlay (1982) reported that when two stimuli of variable
size were simultaneously displayed, the eyes were more largely
deviated towards the largest stimulus of the pair. However, since
the effect was maintained irrespective of whether the shape was
ﬁlled or left empty (and only the frame was available), it was
assumed that the effect of stimulus size resulted from stimulus
boundaries over-riding the integration of local contrast (Findlay,
Brogan, & Wenban-Smith, 1993). Still, the possibility remains that
it was simply a result of larger stimuli, whether ﬁlled or empty,
being composed of a greater number of lighted pixels. Indeed, as
shown recently, the global effect is unaffected by stimulus size
when the overall stimulus intensity is held constant (Tandonnet
& Vitu, 2013; see also McGowan et al., 1998) and it is not inﬂu-
enced by the location of stimulus boundaries (Tandonnet,
Casteau, & Vitu, 2013; see also Guez et al., 1994).
At the same time, as shown in several other studies, more elab-
orate visual features do inﬂuence where the eyes move in simpli-
ﬁed visual displays, but their time course and contribution
relative to that of lower-level features remain undetermined. First,
Deubel et al. (1988) reported a global effect while both the target
and the simultaneously-displayed distractor stimulus were
uniquely deﬁned by their orientation contrast to a textured back-
ground (an array of tilted lines). Their ﬁnding thus suggested that
saccade averaging can also rely on orientation contrast signals.
Still, this could be a result of increased exposure to distractor
and target stimuli. Indeed, saccade latencies were overall longer
than usually observed in a typical saccade-target task (i.e. between
about 210 and 260 ms on average in individuals), and longer com-
pared to a condition with no background (i.e. by about 20–40 ms).
Furthermore, Van Zoest, Donk, and Theeuwes (2004) found in a
visual-search task, that it takes about 225–275 ms from stimulus
onset, for the eyes to ﬁrst move to a target deﬁned by its orienta-
tion contrast to a textured background, when this is displayed with
an equally salient remote distractor of the same orientation.
In a similar manner, Kowler and colleagues found that contour,
or the area delimited by an isolated shape in the periphery also
inﬂuences where the eyes move (He & Kowler, 1991; Melcher &
Kowler, 1999), at least as long as the frame of the shape is entirely
visible and not occluded or partly degraded (see Vishwanath,
Kowler, & Feldman, 2000). Contour may even override the effect
of the density of visual elements (i.e. dots), that form the contour
or are inserted within the shape, but only for saccades with rather
long latencies (>400 ms; Melcher & Kowler, 1999), and at least
under certain task instructions (Vishwanath & Kowler, 2003).
To shed further light on the role of visual-cortical processes in
saccade programming, the present study thus investigated
whether contour information inﬂuences the accuracy of saccades
that are generated with shorter latencies than in previous studies.
A two-stimulus visual display was used, in which the saccade-tar-
get stimulus was presented simultaneously with an ipsilateral dis-
tractor. When combined with a step (0-ms gap) paradigm (Saslow,
1967), this typically yields a global effect (i.e., the eyes land at an1 Note that the role of the retino-tectal pathway has been debated (e.g., Fendrich
Wessinger, & Gazzaniga, 2001).,intermediate location between the stimuli), as well as saccade
latencies in the order of about 200 ms or less (e.g., Walker et al.,
1997). To ensure that the global effect would not be a result of
the uncertainty of target location (i.e., He & Kowler, 1989), the
target (i.e., a small circle) always appeared at a more eccentric
location than the distractor, on the right horizontal axis. Further-
more, in order to determine the visual properties that are implicitly
processed during saccade programming, whilst changing neither
the target object nor the participants’ task, the visual features of
the distractor were manipulated, and their inﬂuence on saccade
accuracy was measured by comparison with a control condition
with no distractor.
Distractor stimuli were designed following Peterhans and von
der Heydt’s (1991) ﬁnding that contour neurons in Area V2 of
the visual cortex, decrease their response by half when the dots
that compose the stimulus pattern are misaligned by 0.06, and
then cease to ﬁre when the dots are misaligned by 0.20. They con-
sisted of 16 vertically- or horizontally-arranged dots that were
either aligned or misaligned, with misalignment varying between
0.23 and 0.43 (see Fig. 1). Aligned distractors extended over
smaller areas (smaller in width) in comparison with misaligned
distractors, while laying also slightly further from the saccade-tar-
get stimulus when they were vertically oriented. However, contour
neurons are likely blind to stimulus size, as suggested by Peterhans
and von der Heydt’s (1991) additional report, showing that the
reduced response of neurons in Area V2 for misaligned compared
to aligned stimuli is not due to a related change in their width or
mean contrast. Furthermore, stimulus size affects where the eyes
land in two-stimulus visual displays (Findlay, 1982; Findlay,
Brogan, & Wenban-Smith, 1993), but presumably not when the
number of elementary features (i.e. pixels) of the distractor is held
constant (Tandonnet & Vitu, 2013), as in the present study. On the
other hand, it has been shown that the global effect varies system-
atically with the center-to-center distance between the stimuli
(see Casteau & Vitu, 2009; Ottes, Van Gisbergen, & Eggermont,
1984), but small variations, at least, in the distance between stim-
ulus borders have no impact on where the eyes land (Tandonnet,
Casteau, & Vitu, 2013; but see Findlay, Brogan, & Wenban-Smith,
1993). In turn, the border-to-border distance between our stimuli
was unlikely a source of confound for vertically-oriented distrac-
tors, and certainly not for horizontal distractors, since these laid
at exactly the same distance from the target irrespective of mis-
alignment. Thus, under the assumption that contour plays a role,
we expected aligned distractors, that formed deﬁnite contours, to
produce greater eye deviations compared to misaligned distrac-
tors, but no main effect if contour does not contribute. In addition,
if contour would have a reduced inﬂuence because it comes in
slightly later than lower-level, retinal features, its effect on saccade
accuracy would likely be delayed compared to the effect of lumi-
nance contrast for instance. Thus, as a further control, the bright-
ness of the distractor was also manipulated, and the time course
of both the effects of alignment and luminance were estimated
by comparing saccade accuracy over the observed range of saccade
latencies.2. Method
2.1. Participants
Participants were seven volunteers (two men and ﬁve women),
who were between 18 and 27 years old (23 years on average); they
reported having normal vision and being in good health. They were
paid for their participation. Informed consent was obtained accord-
















Fig. 1. Target-distractor conﬁgurations used in the experiment. The target was a small circle of 0.2-degree diameter. The distractors consisted of 16 vertically- or
horizontally-arranged pixels that subtended an area of 0.53 and that were either aligned or misaligned, with misalignment varying between 0.23 and 0.43.
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The participant was seated in an adjustable chair. A bite bar
minimized his/her head movements. After setting up the eye
tracker, a calibration phase began. Calibration was made using 15
points presented successively on the entire screen (5 points on
both diagonal axes, and 5 points around the central horizontal axis
of the screen (2 above and 3 below)). The ﬁrst calibration point was
presented in the left upper corner of the screen until the partici-
pant pressed a button; this made the point disappear, and re-
appear at another location. Participants were asked to press the
button only when they were ﬁxating very precisely at the dis-
played dot location. If the calibration was not satisfactory (or the
correlation between the actual and the estimated eye location
was less than 0.99 for both horizontal and vertical coordinates),
another calibration phase was initiated. Otherwise, a block of trials
began.
Each trial began with the presentation of a white ﬁxation cross
(‘‘+’’ sign; 0.4; 2.2 cd/m2) on a black background (<0.1 cd/m2).
When the computer detected a ﬁxation within a vertically-ori-
ented rectangle zone centered on the ﬁxation cross (width:
0.27; height: 1), the ﬁxation cross was switched off and the target
stimulus (a circle with a diameter of 0.2 and a luminance of 2.2 cd/
m2) was presented at an eccentricity of 6 or 7.5 to the right of ﬁx-
ation on the horizontal axis. On 92% of the trials, a 3-degree less
eccentric, non-target, distractor stimulus was displayed simulta-
neously, thus resulting in two distractor and target eccentricity
pairings: 3 and 6, and 4.5 and 7.5. The distractor was composed
of 16 pixels (1) of high (7.8 cd/m2) vs. low (1.1 cd/m2) luminance,
(2) that were vertically- or horizontally-arranged, and (3) aligned
or misaligned, with misalignment varying between 0.23 and
0.43 (Fig. 1). The length of the distractor subtended 0.53, with
each pixel subtending 0.03. Participants were asked to ﬁxate the
target as quickly and as accurately as possible, while ignoring
the distractor. When their eye crossed a boundary one-degree to
the right of the ﬁxation cross, a delay of 500 ms elapsed before
the stimuli were removed. This was followed by the presentation
of the trial number in the lower part of the screen for a duration
of 1000 ms. After another delay of 1000 ms, the next trial began.
Participants ran a block of 26 practice trials, followed by 20
blocks of 130 trials. In each block, there were ﬁve repetitions of
each condition (thus yielding a total of 100 repetitions percondition) and the order of the conditions was randomized. Each
block was preceded by a new calibration phase and was followed
by a short break.
2.3. Apparatus
Eye movements were recorded using a 5th generation Dual-
Purkinje-Image Eye-Tracker (Ward Electro-Optics, Inc.), sampling
the right eye position every millisecond with a spatial accuracy
of 10 min of arc (Cornsweet & Crane, 1973). The eye tracker was
interfaced with two IBM-compatible microcomputers. The ﬁrst
computer recorded the eye movement parameters, and analyzed
them on line, using the software developed at the Catholic Univer-
sity of Leuven by Van Rensbergen and de Troy (1993). The second
computer controlled the visual presentation of the stimuli. Eye
movement parameters were continuously sent to the second com-
puter, so that the visual display could be changed contingent on
the position of the eyes.
The stimuli were displayed in graphics mode on a 17 CRT mon-
itor with 60-Hz refresh rate. The distance between the participants’
eyes and the monitor was set to 85 cm. The room was dark except
for a dim indirect light source. The background luminance was less
than 0.01 cd/m2. Vision was binocular.
2.4. Data selection and analysis
The eye-position signal was re-analyzed ofﬂine, using the
ofﬂine saccade-ﬁxation detection algorithm developed by Van
Rensbergen and de Troy (1993). Both the landing position and
the latency of the initial saccade that followed stimulus onset were
considered for analysis. Trials were rejected when the stimuli were
displayed during a saccade and not a ﬁxation (4.8%), the averaged
eye position before saccade onset (as measured ofﬂine) deviated
from the ﬁxation cross by more than ±0.5 and ±1 in the horizon-
tal and the vertical directions respectively (10.4%), a blink occurred
before or after the saccade (6.94%), the saccade was anticipatory
(latency less than 80 ms; 9.66%) or it landed no further than 1
to the right of ﬁxation (10.39%), resulting in a total of 24.6%
rejected trials on average across participants. Note that rejection
percentages in the range of 20% are commonly observed in this
type of task and setup (e.g., Vitu et al., 2006). After rejection, there
remained 527 trials on average (range: 504–544) in each
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each individual in each condition.
In all analyses, means were calculated for each participant, and
these were then averaged across participants. Analyses of variance
were run on the means for each participant in each condition,
using a 2 (target eccentricity)  2 (distractor luminance con-
trast)  3 (distractor alignment)  2 (distractor orientation)
within-subject design in the experimental condition and a single
factor (target eccentricity with 2 levels) within-subject design in
the control condition. Furthermore, to test the presence of a global
effect, saccade accuracy in the 24 experimental conditions and the
two control conditions were compared, using contrast analyses in a
single factor (with 26 levels) within-subject design. Tukey tests
were used for post hoc comparisons.
3. Results
3.1. Saccade accuracy
In the control condition with no distractor, the eyes landed rel-
atively accurately on the target, undershooting it only slightly
(mean = 0.4), but to the same extent for both eccentricities
(F(1,6) = 1.70). In the experimental condition where the target
was presented with a distractor, the eyes more greatly undershot
the target (mean = 1.12), thus indicating as expected, a deviation
of the eyes’ landing position towards the distractor. As shown in
Fig. 2, where the distributions of the eyes’ initial landing positions
in the experimental conditions were plotted against the corre-
sponding control distributions (across all participants), this pattern
was not the result of the eyes sometimes landing on the target, and
sometimes landing on the distractor. Rather, the whole distribu-
tion of initial landing positions in the experimental condition0 2 4 6 8 10
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Fig. 2. Distributions of initial landing positions (in degrees) for high- and low-luminanc
(light grey) separately for the three conditions of alignment (rows) and the two target e
distractor and the target.was shifted compared to the distribution in the corresponding con-
trol condition; this was also true at the individual level (not shown
here). The contrast comparison between the 24 experimental con-
ditions and the two no-distractor, control conditions was signiﬁ-
cant (F(1,6) = 63.26, p < .001). Post-hoc tests conﬁrmed that each
experimental condition differed signiﬁcantly from its correspond-
ing no-distractor, control condition (p < .001), except in the partic-
ular case where the target was displayed at an eccentricity of 6
and the distractor had a low luminance (p > .20). Thus, at the small-
est eccentricity, distractors of low luminance failed to generate a
signiﬁcant deviation of the eyes from the target.
To examine the role of contour information at the distractor
location, the mean deviation of the eyes from the target in distrac-
tor trials was plotted as a function of the alignment of the distrac-
tor as well as its luminance and orientation, and separately for the
two target eccentricities. In contradiction with the hypothesis that
contour intervened in determining saccade metrics, Fig. 3 shows
that irrespective of their orientation, distractors of high-luminance
produced greater, but not smaller eye deviations when they were
misaligned than when they were aligned. Still, low-luminance dis-
tractors which produced overall smaller deviations had the same
impact irrespective of their alignment. The effects of alignment
and luminance were signiﬁcant (F(2,12) = 12,85, p < .01 and
F(1,6) = 90.56, p < .001 respectively) as well as the interaction
(F(2,12) = 44,87, p < .001); other effects and interactions were
non-signiﬁcant (Fs 6 2.65), except for the effect of eccentricity
(F(1,6) = 19.44, p < .005), which revealed a greater deviation for
7.5- compared to 6-degree target eccentricities. Furthermore, as
conﬁrmed by post hoc tests, saccade accuracy did not differ
between the three levels of alignment for low-luminance distrac-
tors (p > 0.35); for high-luminance distractors, it differed signiﬁ-
cantly between aligned and 0.23-degree misaligned distractors0 2 4 6 8 10
Aligned
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e distractor trials (black and grey respectively) against no-distractor, control trials
ccentricities (columns). The two vertical dotted lines indicated the positions of the
Fig. 3. Mean deviation of the initial landing positions (in degrees) from the target as a function of distractor alignment, luminance and orientation, and separately for the two
target eccentricities in the experimental condition; horizontal dotted lines represent the mean eye deviation in the corresponding no-distractor, control conditions. A
deviation of zero corresponded to landing positions on the target, while negative values indicated that the eyes undershot the target. Error bars represent within-subjects
conﬁdence intervals (Morey, 2008). Left panel: target eccentricity of 6. Right panel: target eccentricity of 7.5.
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distractors (p < .001).
3.2. Saccade latency
In Fig. 4, the mean latency of the initial saccade in the
experimental condition was plotted as a function of alignment,
luminance and orientation, and separately for the two target
eccentricities. For comparison, saccade latency in the control, no-
distractor condition, that was 206 ms on average, was indicated
by the horizontal dashed line; there was no signiﬁcant effect of tar-
get eccentricity (F(1,6) = 0.47). This ﬁgure shows that a distractor
of low luminance tended to slightly increase saccade latency
(mean = 211 ms) compared to the control condition, while high-
luminance distractors tended to slightly facilitate saccade onset
(mean = 198 ms), particularly when the target was displayed at
an eccentricity of 7.5. However, the contrast comparison between
the 24 experimental conditions and the two no-distractor, control
conditions was not signiﬁcant (F(1,6) = 0.69). In addition, as indi-
cated by post hoc tests, only the shortening of saccade latency with
high luminance distractors was signiﬁcant, and this only in a few
conditions, i.e., the target was displayed at an eccentricity of 7.5
and the distractor was either vertically-arranged and misaligned
by 0.43 (p < .05) or horizontally-arranged and misaligned by
0.23 (p < .001) or by 0.43 (p < .01; other ps > .37).
The analysis of variance in the experimental condition showed a
signiﬁcant effect of luminance (13 ms on average, F(1,6) = 85.19,Fig. 4. Mean initial saccade latencies (in ms) as a function of distractor alignment, lu
experimental condition; horizontal dotted lines represent the mean latency of saccades
subjects conﬁdence intervals. Left panel: target eccentricity of 6. Right panel: target ecp < .001), but neither the effect of alignment nor the interaction
between luminance and alignment were signiﬁcant
(F(2,12) = 1.44 and F(2,12) = 2.06 respectively). The effects of
eccentricity and orientation were signiﬁcant (F(1,6) = 8.66, p < .05
and F(1,6) = 7.09, p < .05 respectively), but the difference between
the two levels of each variable was only of 2 ms on average. The
only interaction that was signiﬁcant was between eccentricity,
luminance and alignment (F(2,12) = 3.94, p < .05). As revealed by
post hoc tests, this came from the difference between high- and
low-luminance distractors being signiﬁcant for the three levels of
alignment (p < .05) in the 7.5-degree target-eccentricity condition,
but only for aligned distractors (p < .01) in the 6-degree target-
eccentricity condition. Note that for the two eccentricities, as well
as the two levels of luminance, post hoc tests revealed no differ-
ence between the three levels of alignment (p > .63).
3.3. Saccade accuracy by saccade latency
In order to assess the time course of the effects of the manipu-
lated variables on saccade accuracy, each individual’s saccade-
latency distribution was divided into three equal bins. The ﬁrst
bin comprised saccades with latencies between 80 ms (the above
selection criterion) and the 33rd percentile of the participants’ dis-
tribution (mean: 184 ms; range: 161–216 ms). The second
included saccades with latencies between the 33rd, and the 66th
percentile (mean: 216 ms; range: 180–270 ms) and the last bin
included all remaining saccades. Mean saccade latency in the threeminance and orientation, and separately for the two target eccentricities in the
in the corresponding no-distractor, control conditions. Error bars represent within-
centricity of 7.5.
D. Massendari et al. / Vision Research 101 (2014) 158–166 163bins was respectively 164 ms (range: 147–188 ms), 198 ms (range:
169–238 ms) and 250 ms (range: 194–335 ms).
Fig. 5 presents the mean accuracy of saccades in the experimen-
tal condition as a function of alignment, luminance and orienta-
tion, separately for the two target eccentricities and the three
saccade-latency bins. It shows that saccade accuracy in the exper-
imental as well as the control conditions (horizontal dashed line)
tended to increase over time, thus replicating previous ﬁndings
(e.g., Coëffé & O’regan, 1987). The contrast comparison between
the 24 experimental conditions and the two control conditions
was signiﬁcant in all bins (ps < .01), thus indicating that a global
effect was still overall maintained over the three saccade-latency
bins. Post-hoc comparisons between the experimental and the
control conditions conﬁrmed a global effect in all three bins for
high-luminance distractors (ps < .05), except for vertically-aligned
distractors displayed with a 6-degree eccentric target, which had
no effect in the third bin (p = .56). On the contrary, low-luminance
distractors signiﬁcantly deviated the eyes in the ﬁrst two saccade-
latency intervals only in some speciﬁc conditions and when the
target was displayed at an eccentricity of 7.5 (ps < .05), and failed
to generate a signiﬁcant deviation of the eyes in the last bin
(ps > .07).
Fig. 5 also shows that most of the above-reported patterns held
over time, and this was conﬁrmed in three separate analyses of
variance (for the three saccade-latency bins respectively) in both
the experimental and the control condition. In all three bins,
high-luminance distractors produced greater eye deviations when
they were misaligned than when they were aligned. In contrast,
low-luminance distractors generated overall smaller, but similar
eye deviations irrespective of their alignment, in all but the ﬁrst
bin; in that case, the eye deviation actually slightly increased with
alignment, as expected under the contour hypothesis. The effect of
alignment was signiﬁcant only in Bins 2 and 3 (F(2,12) = 1.34,
F(2,12) = 17.97, p < .001 and F(2,12) = 4.87, p < .05 for Bins 1–3













































Fig. 5. Mean deviation of the initial landing positions (in degrees) from the target in
orientation, and separately for the two target eccentricities and the three saccade-late
participant, in three equal bins; see text). Horizontal dotted lines represent the mean ey
Error bars represent within-subjects conﬁdence intervals. Upper panels: target eccentricbetween alignment and luminance were signiﬁcant in all bins
(Bin 1: F(1,6) = 55.90, p < .001 and F(2,12) = 17.83, p < .001; Bin
2: F(1,6) = 57.77, p < .001 and F(2,12) = 20.99, p < .001; Bin 3:
F(1,6) = 67.01 and F(2,12) = 4.06, p < .05 respectively). Further-
more, as indicated by post hoc comparisons between the three lev-
els of alignment in each of the three bins, both the non-contour and
the contour-like trends observed in the ﬁrst bin, for high- and low-
luminance distractors respectively were signiﬁcant (ps < .05). In
Bin 2, only the difference between aligned and 0.23-degree misa-
ligned distractors of high-luminance remained signiﬁcant
(p < .001), and in Bin 3 none of the tested differences were signiﬁ-
cant (ps > .06).
It is also worth noting that the reduction of saccade accuracy
with target eccentricity, that was observed in the experimental
condition, was present in the ﬁrst two bins only (F(1,6) = 59.70,
p < .001, F(1,6) = 11.17, p < .05 and F(1,6) = 2.90 for Bins 1–3
respectively), and that there was a signiﬁcant interaction between
target eccentricity and distractor luminance in the ﬁrst bin
(F(1,6) = 6.25, p < .05, F(1,6) = 0.42 and F(1,6) = 2.29). In the con-
trol condition, saccade accuracy was also slightly less for more
eccentric targets, but only in the ﬁrst bin (F(1,6) = 7.86, p < .05,
F(1,6) = 1.11 and F(1,6) = 0.01, for Bins 1–3 respectively). Other
effects and interactions were non-signiﬁcant (Fs 6 2.28).4. Discussion
The goal of the present study was to investigate the inﬂuence of
contour information on the metrics of saccadic eye movements. To
this aim, a saccade-targeting task was used, in which a peripheral
target was, on some trials, simultaneously displayed with a less
eccentric, though proximal distractor. This paradigm is known to
yield a global effect, that is a deviation of the eyes toward an inter-
mediate location between the stimuli (Findlay, 1982). The novelty
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zontal, of the elementary features (i.e., pixels) that composed the
distractor. Under the hypothesis that contour contributes to the
computation of saccade metrics, it was expected that aligned dis-
tractors, forming a deﬁnite contour, would deviate the eyes more
largely than misaligned distractors, that did not form a contour.
Results showed, in contradiction with this prediction, that distrac-
tors of high luminance produced greater eye deviations when they
were misaligned than when they were aligned, while low-
luminance distractors deviated the eyes to the same extent irre-
spective of their alignment and orientation, and tended to show
a reversed, contour-like effect of alignment only in the case of
early-triggered saccades.
In the following sections, we will ﬁrst argue that the effect of
(mis)alignment for high-luminance distractors likely reﬂected an
effect of stimulus size. We will then discuss alternative interpreta-
tions for the reduced inﬂuence of contour, and we will propose a
competition-type account that might also explain the absence of
an effect of stimulus alignment for low-luminance distractors.
4.1. The greater impact of misaligned distractors: an effect of stimulus
size
As we have seen above, the ﬁnding that distractors of high lumi-
nance became gradually more disruptive as their elementary fea-
tures deviated more largely from a straight line argues against
the hypothesis that contour extraction processes determined
where the eyes moved. It is also inconsistent with an interpretation
in terms of inter-stimulus distance. Indeed, while vertically-ori-
ented distractor patterns laid closer to the target as their alignment
reduced, the borders of horizontal distractors laid at exactly the
same distance from the target irrespective of alignment. Yet, an
effect of alignment was observed irrespective of stimulus orienta-
tion. Thus, a more likely interpretation is in terms of stimulus size;
misaligned distractor patterns more greatly deviated the eyes from
the target because they were more largely spread.
Previous research has shown that saccade metrics in two-stim-
ulus displays is greatly affected by the spatial extent of the stimuli,
and that the eyes tend to move closer to the larger stimulus of a
pair (Findlay, 1982; Findlay, Brogan, & Wenban-Smith, 1993). Still,
recent ﬁndings revealed that the effect of stimulus size does not
replicate when the number of elementary features (pixels) that
compose the shape is held constant (Tandonnet & Vitu, 2013). It
was thus proposed that the greater disruption associated with lar-
ger stimuli may not come from their boundaries being further
apart (Findlay, Brogan, & Wenban-Smith, 1993), but may instead
result from larger stimuli containing more lighted pixels and hence
being overall more luminous (Tandonnet & Vitu, 2013; see also
McGowan et al., 1998; but see Guez et al., 1994). In the present
experiment, all distractor patterns contained the same number of
lighted pixels (i.e., 16). Thus, according to this latter, elementary-
feature account of the effect of stimulus size, the distractors should
not affect the eye’s landing position differently depending on their
spatial extent. This is what we found when the luminance level of
the distractor was low and actually similar to that of Tandonnet
and Vitu’s (2013) low-luminance stimuli. Still, high-luminance dis-
tractors, which were actually much brighter than Tandonnet and
Vitu’s high-luminance distractors, deviated the eye more largely
when they were more widely spread. Thus, it appears that the
effect of stimulus size cannot be attributed entirely to the number
of elementary features that compose the stimuli. Rather, it depends
also on the spatial extent of the stimulus pattern and the lumi-
nance level of its elementary features. The ﬁnding that both the
effect of stimulus luminance and the interaction between lumi-
nance and alignment were signiﬁcant already in the ﬁrst sac-
cade-latency interval further conﬁrms this view and actuallysuggests that the effect of stimulus size was a low-level, collicular
effect.
In line with previous models of saccade programming (e.g., Van
Opstal & van Gisbergen, 1989), one may speculate that as the ele-
mentary features of our distractor patterns were more largely
spread, they recruited a larger population of neurons in the SC
map, though mainly when their luminance level was high. This
in turn pulled the center of gravity of the entire active population
closer to the representation of the distractor, and hence more
greatly deviated the eyes from the saccade target. Importantly, this
occurred whether the spread of the distractor pattern was along or
perpendicular to the saccade-target axis, as suggested by the sim-
ilar effect of alignment for horizontally- and vertically-oriented
distractors. Thus, within the tested range of inter-stimulus dis-
tances, the size effect was more a question of how large and/or sali-
ent the distractor-related population was, than how far it laid from
that associated with the saccade target (see also Tandonnet,
Casteau, & Vitu, 2013). This effect failed to emerge with low-
luminance distractors probably because the corresponding neuro-
nal activity pattern was not salient enough, although it is quite
likely, as further explained below, that it was also because contour
information competed with stimulus size.
4.2. The reduced inﬂuence of contour information
Several previous studies reported an inﬂuence of high-level
visual cortical processes on saccade metrics, and in particular a role
of orientation (Deubel et al., 1988; Van Zoest, Donk, & Theeuwes,
2004) and contour (He & Kowler, 1991; Melcher & Kowler, 1999;
Vishwanath & Kowler, 2003; Vishwanath, Kowler, & Feldman,
2000; see also Findlay, Brogan, & Wenban-Smith, 1993). The result
here that the distractor pattern did not deviate the eyes from the
target stimulus more greatly when it was aligned and hence con-
tour information could be extracted (Peterhans & von der Heydt,
1991), than when it was misaligned is in conﬂict with these ﬁnd-
ings. It is possible, though rather unlikely, that this came from
the task assigned to our participants, which contrary to most pre-
viously used tasks, did not explicitly involve shape recognition or
the extraction of contour information. However, our participants
were also not, explicitly or implicitly, asked to process the size of
the distractor, and yet the extent of the distractor pattern did inﬂu-
ence where their eyes moved at least when this was of high lumi-
nance. Furthermore, Vishwanath and Kowler (2003) did ﬁnd a role
of contour on saccade metrics, despite their task being very similar
to ours. On the other hand, our distractor patterns did not form
closed contours or known shapes, unlike the stimuli used in most
previous studies (Findlay, Brogan, & Wenban-Smith, 1993; He &
Kowler, 1991; Vishwanath & Kowler, 2003). However, we do not
think this was responsible for the lack of an effect of contour on
saccade metrics. Indeed, Melcher and Kowler (1999) reported that
the accuracy of saccades to the center of single shapes remained
unaffected by whether the shapes were closed or open.
We initially hypothesized that the role of orientation and con-
tour shown in previous research was favored by the relatively long
saccade latencies under which these effects were being observed
(Deubel et al., 1988; Melcher & Kowler, 1999; Van Zoest, Donk, &
Theeuwes, 2004; Vishwanath & Kowler, 2003). Our underlying
assumption was that visual cortical processes likely lag behind,
lower-level retinal processes, due to their indirect route to the SC
where saccades are being programmed, and in turn that their con-
tribution requires prolonged stimulus exposure time (see Coëffé &
O’regan, 1987; Findlay &Walker, 1999). In our experiment, saccade
latencies (205 ms on average; range 171–255 ms) were indeed
shorter than the mean latency of saccades in previous studies
(e.g., 210–260 ms, mean: 216 ms; Deubel et al., 1988; >400 ms;
Melcher & Kowler, 1999, respectively). However, as suggested by
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shorter in our study was unlikely responsible for failure to reveal
an effect of contour.
First, high-luminance distractors showed an effect of alignment
in a direction opposite to that expected if contour was involved, in
all three tested saccade-latency bins. Thus, even the latest-trig-
gered saccades (i.e., last bin) that were launched on average with
latencies more comparable to that in previous studies (247 ms)
showed no effect of contour. Second, low-luminance distractors
showed an early, contour-like effect of alignment in the ﬁrst
saccade-latency bin (168 ms on average), such that the eye landed
further away from the target as the distractor became more like a
straight line. It is difﬁcult to tell whether this effect was spurious,
particularly given that it did not hold over time. Still, it was present
in all participants (not shown here), even the fastest (mean latency
in the ﬁrst bin for low-luminance distractors: 147 ms). Thus, the
lack of an effect of contour in our experiment was unlikely due
to contour information being too slow to build up and to affect
where the eyes moved.
A more likely interpretation relates to the possible competi-
tion between stimulus size and contour, that came as a result
of our manipulation of alignment. As we have just seen, low-
luminance distractors showed a contour-like effect of alignment
in the ﬁrst saccade-latency interval, but not later in time, and
high-luminance distractors exhibited a reverse, stimulus-size
effect of alignment during the ﬁrst two saccade-latency intervals.
This may suggest that an effect of contour was there, in all con-
ditions and time intervals, but that it was overridden or alterna-
tively cancelled out by the likely more prominent and slightly
faster effect of stimulus size. For brighter distractors, the compe-
tition between size and contour was minimal and turned in favor
of stimulus size, probably as a result of the cooperative inﬂuence
of luminance and size, that made the corresponding neuronal
activity pattern being sharper and rise faster. Saccades were
indeed triggered slightly earlier when high-luminance distractors
were displayed. Furthermore, as suggested by neurophysiological
data, the direct route to the SC for low-level visual features may
be favored for very bright stimuli (Mohler & Wurtz, 1977).
Conversely, for low-luminance distractors, the competition was
maximal and ended up in favor of neither size nor contour prob-
ably because both were available at about the same time and can-
celled each other out. Thus, only in a few instances (i.e., the
shortest latency saccades in this particular case) did contour suc-
ceed in affecting the eye’s landing position, while the reverse
stimulus size effect never emerged.
5. Conclusion
As previously shown, elaborated processes in the visual corti-
ces that allow the extraction of orientation and contour contrib-
ute to determine where the eyes move in a large variety of tasks
and visual settings. The results of the present study however
revealed that contour-extraction processes fail to affect saccade
metrics when other, lower-level and more salient visual fea-
tures, such as the extent of the stimulus pattern are available.
We proposed, in line with several models of saccade generation
(e.g., Findlay & Walker, 1999), that where the eyes move is the
result of competitive interaction between fast low-level
processes and slightly slower cortical visual processes, with
the former generally dominating. Future research will determine
whether the same dynamics underlie eye guidance in natural
visual scenes, where longer inter-saccadic intervals (for a review
see Rayner, 1998), as well as contextual, top-down processes
may help overcome the supremacy of early and salient retinal
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